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Abstract: 
College and NFL football teams are focusing their efforts on protecting players more than 
ever before. With the recent attention on concussions and the troubling long-term effects 
of head injuries, more research is needed to find ways to ensure players have the adequate 
protection. The helmets being used have a hard polycarbonate shell with four inner pads 
that fit tight to the player’s head. These pads are filled with air.  
The purpose of the testing and project is to find an ideal air pressure that helmets need to 
maintain in order to protect the player to the best of its ability. If anyone is going to play 
tackle football, it is critical to protect his or her brain and keep the helmet at the best 
pressure possible. 
The helmets will be dropped on seven different locations and the amount of shock will be 
recorded on each location and at ten different air pressures ranging between 0-3 psi. 
Graphs and tables will provide an easy solution for the collected data. The concluded 
information will be provided to the Cal Poly football team, as well as other teams in 
California. 
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 1 
Introduction 
Problem Statement: 
         Football is a sport that has been growing at a tremendous pace since it first gained 
popularity in the mid 1800s. Today there are 32 National Football League (NFL) teams with over 
1,000 college football teams in the US, as well as youth, high school, and arena football teams. 
Football is also rapidly expanding in Canada and several European countries. Even though the 
sport is so popular, there is still a lack of protection from helmet collisions that are resulting in 
concussions. The helmets the players are wearing have a polycarbonate shell, four inflatable pads 
on the inside, a thermoplastic-coated metal facemask, and a chinstrap to keep the helmet on the 
player’s head. The project will consist of testing football helmets by changing the air pressure in 
the four inner pads and dropping the helmets to imitate an actual football collision. The different 
air pressures will show if there is an ideal pressure that will absorb the most impact and protect 
the player’s head to the best of its ability and prevent the possibility of getting a concussion. 
Needs: 
         Depending on a player’s position on the field, they can experience 20-150 impacts a 
game. Some of the collisions may be minor while others are very forceful and are taken at 
several different regions of the helmet. A defensive lineman can undergo three or four impacts in 
a single play and compete in an average of 70 plays a game. When players go into a game, they 
need to know that their helmet is prepared to withstand a harsh beating and their brain is 
protected. 
         There is no current data about what air pressure a player’s helmet needs to be in order to 
protect them to the fullest amount. Players are merely given their helmet and told to compete to 
the best of their ability. Football coaches, players’ parents, and players are so focused on winning 
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that they overlook the damage these men are doing to their brains. The lack of information has 
driven me to test Riddell’s Revolution helmets to find how to thoroughly inflate the helmets to 
maximize the helmets’ protection. Riddell is the largest manufacturer of football helmets and the 
Revolution helmet is one of their most popular styles and that is the reason why this model will 
be tested. 
Background or Related Work: 
         The best source for finding the proper fit of a player’s football helmet is at Riddell.com. 
The website provides the step-by-step instructions of how a player must choose the correct size, 
tighten the chinstrap, and properly inflate the padding until it feels comfortable, but there is no 
specific pressure given that will maximize the helmet’s protection. The National Operating 
Committee on Standards for Athletic Equipment has standards for the condition of a player’s 
helmet and specific operating procedures that a helmet must pass in order to be deemed “safe” 
for use. After every season, a helmet is sent to a company that is certified by NOCSAE for 
reconditioning, which consists of repainting, checking for structural damage, replacing anything 
that is not functioning, and cleaning. 
         Blunt Impact Performance Evaluation of Helmet Lining Systems for Military and 
Recreational Use is another resource that provides adequate knowledge of what happens to the 
military and football helmets after being exposed to different temperatures and how the helmet 
holds its protecting properties. Cal Poly Industrial Technology students did a similar project a 
year ago that tested the effectiveness of military helmets and football helmets at different 
ambient temperature. Even though portions of their data were inconclusive, the report gave 
significant support towards football helmet testing procedures and the helmets effectiveness at 
different temperature levels.  
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Objective: 
         The project will consist of changing the air pressure in the helmet and dropping the 
helmet on seven different locations of its polycarbonate shell. The locations are: front, top 
(crown), back, right boss, left boss, right side and left side. The air pressure will be randomly 
chosen within the range of 0-3psi. The low pressure is chosen because the air pads are 
surrounding the head, which is a very sensitive area and can easily be irritated, and for this 
reason the pads are not designed for high levels of pressure. Also, the pressure in the pads will be 
checked after every drop to see if there is any change in pressure with each impact. Through 
analysis, the most appropriate pressure for the helmet to maintain in order to protect the player 
will be displayed. 
Contribution: 
 This research and helmet testing will contribute to anyone playing the game of contact 
football. Even though our main focus is on college and NFL players, all age groups participating 
will benefit: pop warner (ages 5-12), junior high school (ages 13-14), high school (ages 15-18), 
college (ages 19-22), and NFL (ages 23 and older).  
Scope of Project: 
  The scope of the project will include testing the different air pressures in football helmets. 
The helmets being used are Riddell’s Revolution helmets with four independent air bladders that 
protect the player’s head. Testing will be done on the same drop test apparatus throughout the 
project. One newly conditioned helmet will be used with two others available for parts or 
substitution. There are seven locations on the helmet that will be tested and 10 random pressures 
between 0 and 3 psi. The pressures are random to lower the risk of product error and will make 
for more accurate data. Though the pressures are scattered, they will fulfill the range evenly but 
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chosen in a random order. Once all seven locations are recorded, the analysis is expected to show 
an upside-down bell shape curve. The vertex of the trending curve will give us an ideal pressure 
for helmets to be kept at in order to most effectively protect the player’s brain.  
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Literature Review 
         The premise of this project is to study football helmets and how they protect the brain 
from blunt impacts to the head. I will begin by explaining what a concussion is, the history and 
evolution of the football helmet, and the effects of concussions on NFL players.  A concussion is 
the result of an impact to the head that causes an injury to the brain. According to Dr. Ryszard M. 
Pluta from the Journal of American Medical Association, “The direct cause of concussion is 
rapid acceleration-deceleration (speeding up and slowing down) at the time of the blow to the 
head, leading to jarring of the brain inside the skull and stretching the neurons (nerve cells) so 
that they temporarily do not work properly” (Pluta). During this impact there is no structural 
damage to the brain, therefore nothing can be diagnosed from a CT scan, but there are a broad 
spectrum of symptoms: loss of memory, weakening of motor skills, headaches, loss of vision, 
and many more. According to “MedicineNet,” the human brain floats in a cerebrospinal fluid 
that is all protected by the skull. When an impact is taken to the face or neck, the brain can 
bounce off the hard skull, resulting in an interruption of its functions (Wedro, pg. 1). In most 
cases, the structure of the brain does not receive any damage during a concussion; therefore, the 
only way to diagnose the injury is by treating the symptoms. 
         When thinking of a concussion, most people believe someone must be knocked 
unconscious in order to have a concussion. “While temporary loss of consciousness due to injury 
means that a concussion has taken place, most concussions occur without the patient being 
knocked out. Studies of football players find that the most of those affected were not aware that 
they had sustained a head injury.” (Wedro, pg. 1) This is the reason why it is crucial for athletes 
to be well protected or the problem can worsen. Second impact syndrome is when an athlete is 
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recovering from the first minor concussion and sustains a second injury that may lead to brain 
swelling, long-term neurological damage, or death. 
         According to Kevin Cook’s article “Dying to Play” in the New York Times, in 2012, the 
NFL donated $30 million to the National Institutes of Health to further research on brain injuries 
and other medical conditions (Cook). The NFL understands how a concussion works and how a 
player can limit their chances of being concussed, but no one knows what the long-term effects 
are on the player’s brain or how to better protect the brain. Cook also states that currently, more 
than 3,000 former players are suing the league for failure of knowing the dangers of playing and 
for health care benefits to help deal with post-NFL career (Cook). Most of these players 
competed during the time when getting your “bell rung” or “clock cleaned” were simply treated 
by getting called a “wussy” (or other degrading names) and sent back in for the next play. For 
this reason most players did not report the incident because they did not know what would 
happen to them later in life. 
         Since understanding the severity of brain injuries, the NFL and other organizations have 
done tests on current and former players. In 2012, the journal Neurology conducted a study on 
3,439 retired pro football players and found that “veterans of N.F.L. combat are more likely than 
the rest of us to die from brain diseases including Alzheimer’s, Parkinson’s and amyotrophic 
lateral sclerosis, known as Lou Gehrig’s disease. Not 50 percent more likely, or twice as likely, 
but three to four times more likely” (Cook). These results truly show how much long-term 
damage is being done, but some players do not believe it is enough. Cook also discusses that in 
2011, Dave Duerson, former safety for the Chicago Bears, died from a self-inflicted gunshot 
wound to the chest in order to donate his brain for research on neurodegenerative diseases linked 
to concussions. Just last year, a 12-year pro bowler, Junior Seau, committed suicide in order for 
 7 
his brain to be donated to the National Institute of Neurological Disorders and Stroke. Duerson 
and Seau’s brains both found traces of chronic traumatic encephalopathy (CTE), which is a 
disease that develops after experiencing concussions while playing in the NFL. (Cook) 
When the NFL began, in 1922, the players were wearing leather helmets with no face 
protection. In the ‘50s, the helmet technology moved towards plastic shells with a single face bar 
and two decades later, Riddell came out with energy-absorbed helmets that had air bladders 
inside to soften impact. The ‘80s are when polycarbonate was chosen as the most durable and 
lightweight material for the outer shells and is still being used in helmets today, with a few 
modifications in design and facemask coverage. (NFL.com) NFL football helmets have evolved 
tremendously since the beginning of the organization but players are still not fully protected from 
concussions. The reason for this is that the game and players have changed as well. In today’s 
league, players are stronger, faster, smarter, and much bigger. The only thing that has not 
changed is their fearless mentality, which is why the league has recently emphasized the rules 
against targeting players with the crown of their helmets. Players that lead with their heads 
concentrate all their weight and momentum into the helmet and increase the risk of concussion 
for both people involved in the collision. These types of hits, as well as ones that are legal, 
happen every single game and are the reason why more research must be done to help protect the 
lives of NFL players. 
         Advancements in technology have given players and team trainers the ability to monitor 
concussions and protect those who have history of concussions.  Riddell has created a helmet 
sensor called the InSite Impact Response System. The sensor is built into their helmets and uses 
an accelerometer to record the G's absorbed while a player is out on the field. Whenever the 
player receives an impact that is above their threshold, an alert is sent to the sidelines. The 
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technology has many benefits, but Kevin Guskiewicz, founding director of the University of 
North Carolina’s Matthew Gfeller Sport-Related Traumatic Brain Injury Research Center, 
believes each player’s threshold is “‘very elusive’—he’s seen players suffer concussions at 60G 
of acceleration, and others be uninjured above 160G—so he doesn't use sensor data in this way” 
(Vrentas). Even though each person’s threshold is different and the impacts that are taken are 
never the same, this technology is a big step towards the collection of data, finding the right 
technique for making a hit, and knowing where the player is most vulnerable in regards to 
protection. 
  
  
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 Alternative Solutions 
 With the recent attention focused on concussions in college and the NFL, scientist and 
researchers are designing alternate solutions to limit the heavy impact players receive on a daily 
basis. Coach has a direct decision on how much contact is made during practice. In the last ten 
years, practices have evolved from full contact (meaning players run at full speed and make 
game-like hits during practice) to “thud” tempo (meaning players run at full speed b
low impact hits that result in the play ending). These “thud” tempo impacts imitate the players’ 
footwork, speed, and form tackling, but without taking the person to the ground. Evolutions like 
this are taking the correct measures towards prot
have a set number of hours a week players can be in full gear (helmet, shoulder pads, and leg 
pads) and how often the player should be in helmets only. By keeping the players protected from 
full impact hits during practice, they are reducing the opportunities for player to get possible 
concussions. 
 Other solutions are being introduced to 
player at practice. According to Gary Mihoces’ 
article from USA Today, college and NFL teams are 
playing closer attention to helmets. South Carolina 
football team has tested and continues
new product called the Guardian Cap. The Cap is a 
polyurethane fabric that goes on the outside of the 
helmet and is used as an added cushion for players to wear during practice.
of the Guardian Cap, says the product reduces head impacts by “up to 30%.” (Mihoces) Products 
Solution 
ecting the player. Also, the NFL and NCAA 
 to wear a 
                               Image 1                             
 Lee Hanson, founder 
9 
ut only make 
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like the Guardian Cap are moving in the right direction towards finding the ultimate balance. 
Players spend much more time at practice than during the games, so it is important that they are 
well protected during the week so they can perform to the best of their abilities on the day of 
competition. Another way the Guardian Cap is helping the football helmets is that maybe the 
additional layer of padding on the outside of the polycarbonate shell is the most protecting option. 
Riddell, the largest helmet manufacturer in the country, needs to look into creating a practice 
helmet that incorporates a design like the Guardian Cap into a one-piece design. They may even 
be able to change the game day standards and allow for player to wear their new helmet on game 
day. Ideas like the Guardian Cap are ones that will help this sport protect its players and reduce 
the number of life changing injuries people are experiencing during competition. 
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Statistical Testing: 
For data analysis purposes, this is a controlled experiment. 
● Hypothesis 
○ Null hypothesis: there will be one definite initial pressure (in psi) that will 
produce the lowest shock transfer across all padding locations. 
○ Alternative hypothesis: each helmet location will have its own optimum initial 
pressure value. 
● Variables 
○ Controlled variables: 
■ The initial pressure the helmet pads will have 
■ Which location on the helmet is being tested 
■ Height of drop 
■ Impact surface 
○ Dependent variables: 
■ The shock values (in G's) 
■ The ending pressures (in psi) of various padding locations 
○ Independent variables: 
■ There will be seven different locations on the helmet that it will be 
dropped on. 
■ Ten random pressures will be selected for all of the pads to be pumped up 
to prior to the drop test.  
● Data collection 
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○ Ten different initial pressures between 0 psi and 3 psi will be selected at random 
to be tested. 
○ Seven locations on the helmet will receive impact at each of the ten initial 
pressures.  
○ SaverXware software will collect our results digitally from the accelerometer's 
read out. 
○ Riddell revolution helmets will be the test subjects. 
 
Testing Procedure 
1.     Testing Equipment Required 
 a. One Riddell Revolution football helmet 
 b. Extra pads and lining for Riddell helmet 
 c. Twin wired guide assembly 
 d. Headform 
 e. Tri-axial accelerometer 
 f. Data analyzer 
 g. Ball pump 
 h. Ball pump electronic gauge 
 i. Ball pump needle 
 j. Misc. tools and equipment 
2.     Mechanical Setup 
 a. Ensure the headform, headform adjuster, headform rotator stem and the headform 
collar are securely connected. 
 b. Any give or movement in the headform, the accelerometer will produce a false read.  
                
3.     Helmet Preparation 
 a. Ensure the helmet is free from any debris or unwanted materials
 
 
Figure 1 
   
Figure 2 
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  b. Check the liners to make sure they are properly attached
 c. Add air to the four pads to ensure they 
 d. Using a piece of tape, mark the seven locations on the helmet that will be impacted:
  i. Front 
  ii. Top (crown) 
  iii. Back 
  iv. Left boss 
  v. Right boss 
  vi. Left side 
  vii. Right side 
 
           Figure 3: Side Impact
 
are holding air 
          Figure 4: Front Impact
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          Figure 5: Back Impact
 
                 Figure 6: Top Impact
 
Figure 7: Front Boss 
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4. Digital Pressure Gauge Calibration 
 a. Turn the gauge ON and wait for 0.00 to appear 
 b. Hold down button until PSI is shown 
 c. Before use of gauge, lubricate the ball needle with saliva  
 
5.     Calibration Procedures 
 a. Headform Calibration 
  i. Ensure the headform-mounting bolt is tightened to a torque of 180 in/lb. 
 b. Attach the tri-axial accelerometer wires to the headform ports 
 c. Drop assembly from desired height to make sure the alignment is correct on the drop 
pad and there is no movement 
 d. Tighten all necessary bolts and screws, and make all final adjustments 
 
6. Accelerometer Usage 
 a. Before dropping helmets: 
  i. Open SaverXware Software 
  ii. Connect accelerometer to computer using cable 
  iii. Load setup from file 
  iv. Send setup to instrument 
  v. Delay start until button is pressed 
 b. After making the appropriate drops: 
  i. Plug accelerometer into computer 
  ii. Talk to Instrument - Read Back Data 
  iii. Analysis - DirectView 
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  iv. Set Event Database 
  v. Process Sxd 
  vi. Analysis View 
 
7.     Test Method 
 a. Using yarn, secure the helmet around the headform to eliminate movement 
 b. Inflate the four air pads with the ball pump 
 c. Insert the digital pressure gauge ¾ inches into the bladder valve and release pressure 
until the desired amount is achieved. Randomly chose an amount between 0-3 psi and ensure all 
four pads have the same pressure. 
 d. Raise the assembly to the appropriate height 
 e. Turn the accelerometer ON and wait for a single blinking light 
 f. Manually release the assembly 
 g. Immediately check the pressure in all four bladders and document the change 
 h. Repeat steps b-g 9 times 
 
8.     Analyze Data and Charts 
 a. Observe the impacts 
 b. Record the peak G’s 
 c. Export to Excel and analyze graphs 
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Testing Tables 
Table 1  
Pressure 
(PSI) 
Run 
Order 
Z 
directio
n (G's) 
Ending 
Pressur
e Top 
(PSI) 
Ending 
Pressur
e Back 
(PSI) 
Ending 
Pressure 
Cheek 
(PSI) 
3.00 1 
    
1.40 2 
    
2.25 3 
    
0.80 4 
    
2.60 5 
    
1.60 6 
    
2.00 7 
    
0.30 8 
    
1.00 9 
    
0.00 10 
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Results/Discussion 
 The pads were tested as outlined above and the conclusion was based on the following 
sets of data: 
● A graphical analysis of the beginning pressure versus the shock, in G’s, that 
entered the helmet 
● A graphical analysis of the change in pressure, taking the post-drop pressure and 
subtracting the beginning pressure before the drop test.  
 
It is important to note what, exactly, was being analyzed and what the possible results of 
the testing could mean. When looking at beginning pressure graphed against shock, the goal was 
to find a uniform pressure value for each section of the helmet that would dissipate the most 
amounts of G’s. For example, it would have been our hope to find that at 1.5 psi, the helmet 
experienced the least amount of shock at all padding points.  
When analyzing the change in pressure from pre and post drop, the optimum value would 
have been zero. This is because the helmet pads should not lose air every time the football player 
is hit or impacted. Thus, when looking at this data and drawing conclusions, it is important to 
look at what starting pressures produced the smallest change in final pressure. It is also important 
to point out that in some cases, the data shows that the change in pressure, using the convention 
of final pressure minus initial pressure, results in a positive number. This indicates that the 
padding actually gained air pressure during the drop.  
The theory behind why the air pressure change was positive is due to the fact that the 
pressure inside the pad is less than the atmospheric pressure experienced everywhere on Earth. 
The actual impact may have shifted the air pump valve on the helmet to briefly open and allow 
air to flow into the pad. For example, if the helmet began with a pressure of 2.0 psi and was then 
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dropped and found to have a pressure of 2.2 psi, it could be a result of the valve opening slightly 
and the surrounding pressure of the environment (14.7 psi) forcing air into the pad.  
This could be just as critical as a helmet’s pads having too little air because the more 
pressure that is in the helmet pads, the more rigid they are. Rigidity creates a harder surface for a 
football player’s head to hit and could cause injury due to a higher level of deceleration (G's) by 
the padding, thus having a stronger impact on the player’s head. Similarly, this is the case with a 
pressure of 0 psi. Without any type of cushioning, there is a rigid surface for the head to come in 
contact with. Bearing this in mind, any situation where the optimum value is at 0 psi or 3 psi it 
will count as an outlier and be disqualified. 
 
Figure 8 
Below is an analysis of data pertaining to each padding section of the helmet.  
 
 
 Front Impact 
 Note: the results for the front pad are to be inte
padding in this section of the helmet is a 
casings filled with air.  
 
Graph 1.1: Display of Shock 
rpreted differently due to the fact that the 
high-density foam, whereas the other pads are plastic 
vs. Pressure, in Front Impact 
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 Graph 1.2: Beginning
 
Graph 1.1 Analysis 
 In this graph, the beginning pressure is plotted on the 
absorption in G’s is plotted on the 
minimum amounts of G’s were absorbed, is 2.25psi. 
Graph 1.2 Analysis 
 It is determined that 0.80psi, 1.00 psi and 1.60 psi there is no loss or gain in pressure 
during the drop. Thus, these seem to be the optimum values, however, looking at the optimum 
beginning pressure from graph 1.1 (2.25 psi), and comparing it to the same value on graph 1.2, 
there is only a 0.10 psi drop in pressure after impact. 
 
 
 Pressure vs. Ending Pressure, in Top Padding
X-axis, while the resulting 
Y-axis. The graph shows the optimum pressure, at which the 
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 Top Impact 
Graph 2.1: Display of Shock vs. Pressure, in Top Impact
Graph 2.2: Beginning Pressure vs. Ending Pre
 
 
ssure, in Top and Back Padding
23
 
 
 
 24
Graph 2. 1 Analysis 
 At first glance, this chart shows that the pressure level that corresponds to the least 
amount of G’s is at 3.00 psi. However, as previously explained, outliers will be disqualified due 
to human testing error. The next pressure that produces the smallest amount of G’s is at 0 psi, 
which is also going to be disqualified as mentioned earlier. Again, this can be attributed to 
human error. After removing those two points, the pressure at which the lowest amount of shock 
occurs is at 2.25 psi.  
Graph 2.2 Analysis 
 Most impacts affect more than one area of the helmet that is padded. For this reason, data 
will be collected on any pads that were affected by the impact position. In graph 2.2, the change 
in pressure before and after the drop for both the pads in the back and those in the top of the 
helmet were measured. There was no point at which the padding in the back of the helmet did 
not lose or gain pressure. In other words, there was no difference in final and initial pressure that 
equaled zero for the back pads. The point at which the lowest amount of change in pressure 
occurred is when the beginning pressure was set to 1 psi, 1.2 psi, 1.6 psi and 2.0 psi. At these 
pressures, the difference was only +/-0.05 psi. For the pads in the top of the helmet, the optimum 
point at which there was no gain or loss in pressure was at 1.0 psi. Cross referencing the two 
padded areas and their gain or loss in pressure, an observation can be drawn that at 1.0 psi 
beginning pressure, the top pads have the least amount of pressure fluctuation. One interesting 
point is the pressure of 2.25 psi, which seemed to be a pattern in three of the previous graphs. On 
graph 2.2, though, this is the point at which there is the greatest amount of shift in final and 
initial pressure exists. 
 
 
 Back Impact 
Graph 3.1: Display of Shock vs. Pressure, in Back Impact
Graph 3.2: Beginning Pressure vs. Ending Pressure, in Top and Back Padding
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 Graph 3.1 Analysis 
 The test results for the pads in the back of the helmet yielded the above graph. This 
determines that at a pressure of 1.00 psi, the helmet was subjected to the least amount of shock in 
G's (96.72 G's). For this set of data, the standard deviation from the mean shock value is about 
+/- 6.85 G's and the average is 107.83 G's
Graph 3.2 Analysis 
 The point at which the helmet's pads lose the least amount of air in the top cushioning 
area is at 1.6 psi. Similarly, in the back pads, there was only a 0.5 psi pressure loss at 1.6 psi 
initial pressure. The average pressure loss in the top pads
in the back is 0.04 psi. 
Left Boss Impact 
Graph 4.1: Display of Shock vs. Pressure, in Left Boss Impact
 
 is 0.2 psi, and the average pressure loss 
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graph 
 
 
 Graph 4.2: Beginning Pressure vs. Ending Pressure, in Top, Back, and Left Cheek Padding
Graph 4.1 Analysis 
 In terms of shock versus initial pressure, the left boss position had an average shock value 
of 138.13 G's, with a standard deviation of 5.13 G's. Here, the pressure that produced the lowest 
amount of shock experienced by the helmet was at 1.4 psi, 
131.17 G's.  
Graph 4.2 Analysis 
 For this location on the helmet, pressure was tracked for the top pads, the back pads, and 
left cheek pads because an impact on the left boss of the helmet could result in damage on these 
three other positions. On the top, the pressure that produced the lo
This, however, seems unlikely according to the theory mentioned before. The pressure of only 
0.3 psi would be a fairly rigid surface for a football player's head to impact. Thus, the next lowest 
value, with a change in pressure of only 0.05 psi, was an initial pressure of 2.25 psi. The average 
change in pressure in this location is a loss of 0.005 psi. In the back padding location, the 
which produced a shock value of 
west G force was at 0.30 psi. 
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 beginning pressure point that produced the lowest amount of fluctuation was 0.80 psi. Though 
this could possibly be the optimum value, 2.25 (the optimum value discussed above) only 
produced a change on 0.05 psi in the back pad. The average loss here is 0.10 psi. In the left cheek 
cushion, a pre-impact pressure of 2.25 psi resulted in no change in 
consistent with the two other padding locations previously discussed for the left boss impact area. 
The average loss in pressure here is 0.55 psi. 
Right Boss Impact 
Graph 5.1: Display of Shock vs. Pressure, in Right Boss Imp
pressure after impact. This is 
 
act
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 Graph 5.2: Beginning Pressure vs. Ending Pressure, in Top, Back, and Right Cheek 
Graph 5.1 Analysis 
 The impacts on the right boss area of the football helmet had an average of 151.80 G's 
and a standard deviation of 8.09 G's. The starting pressure of 1.4 psi saved the helmet from the 
most amount of damage and only allowed 143.38 
Graph 5.2 Analysis 
 Similar to the Left Boss, the data collected for the top pads, the back pads, and the right 
cheek pads fluctuated. In the top pads, a pressure of 0.8 psi causes only a 0.05 psi change in the 
pad's internal pressure. The average for this pad
average change of 0.19 psi. For this location, 2.25 psi was the optimum beginning pad pressure. 
At 2.25 psi, there was only a 0.05 psi change. Finally, in the right cheek pad, the average change 
was 0.20 psi. At 1.6 psi, 2.00 psi, and 2.6 psi there was no change in pressure. 
 
 
Padding 
G's of deceleration.  
 was a loss of 0.265 psi. The back pads had an 
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 Left Side Impact 
Graph 6.1: Display of Shock vs. Pressure, in Left Side Impact
Graph 6.2: Beginning Pressure vs. Ending Pressure, in Top, Back, and Left Cheek Padding
Graph 6.1 Analysis 
 The average shock value when the helmet is impacted on its left side is 125.04 G's and 
there was a standard deviation of 6.41 G's. At a beginning psi of 1.40 psi, the helmet only 
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registered a shock value of 114.86 G's. This would be considered the optimum value when only 
the raw amount of shock transferred into the helmet is considered. 
Graph 6.2 Analysis 
 When considering the ability of the pads to retain pressure, again, we measured the 
change in pressure before and after the drop. The average change in pressure of the top pads was 
0.541 psi. At 2.00 psi, there was a minimized loss in pressure of 0.05 psi. The average change in 
pressure of the back pad was only 0.025 psi, and 2.00 psi also produced the smallest fluctuation 
of only 0.05 psi. The difference in the left cheek pad, however, saw the lowest value at a 
beginning pressure of 1.6 psi. The average change for the left cheek pad was 0.36 psi.  
 
Right Side Impact: Coming Soon 
Graph 7.1: Display of Shock vs. Pressure, in Right Side Impact 
Graph 7.2: Beginning Pressure vs. Ending Pressure, in Top, Back, and Right Cheek 
Padding 
Graph 7.1 Analysis 
Graph 7.2 Analysis 
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Conclusion/Observations 
  The main goal of this study was to find a specific universal pressure at which the football 
helmet and its pads would provide its ultimate protection. Unfortunately, this was not the case. 
The data from the testing sample, however, proved each pad is independent and there is not a 
“best” pressure that encompasses every pad. That is to say, the optimum pressure for the top pads 
was determined to be one value, and the optimum pressure for the back pads was determined to 
be a separate value. Table 2 contains the optimum values drawn from the above analysis of the 
data.  
Table 2 
Drop Location Change in Pressure Deceleration 
Front 2.25 psi 2.25 psi 
Top 1 psi, 1.2 psi, 1.6 psi, 2.0 psi 2.25 psi 
Back 1.6 psi 1.0 psi 
Left Boss 2.25 psi 1.4 psi 
Right Boss 2.25 psi 1.4 psi 
Left Side 2.00 psi 1.4 psi 
Right Side Coming Soon 
  
  From this table, it is evident that, although there is no pressure that at which all of the 
pads perform their best, there seems to be a strong pattern with certain padding sections of the 
helmet. For example, the left boss, right boss, left side and right side all seem to point to the least 
amount of pressure change happening at between 2.0 psi and 2.25 psi. Similarly, there is also a 
pattern in these locations that shows that the helmet experiences the least amount of shock at 1.4 
psi. Finding these two numbers in the pattern creates a new problem because the optimum 
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pressure for the least amount of pressure change (between 2.0 psi and 2.25 psi) and the optimum 
pressure for deceleration (1.4 psi) are not necessarily close to one another. This is where the 
athlete’s choice comes into play, whether he or she would like to pressurize his or her helmet 
pads to a psi that will see the least amount of pressure change or the least amount of shock. From 
this study, and for the safety and well-being of the player, the best choice would be to make sure 
the pads are inflated to a level that would see the least amount of shock because pressure change 
is a factor that can be continuously corrected during game play.  
  The data also displays how easily the pads change pressure with each impact. Most often, 
with every drop tested, the pads will lose air. If a players can receive up to 150 impacts a game, 
then their helmets would most likely be flat by the end of the game, thus not protecting the 
player to its maximum ability. Loss in pressure with each impact is a finding that is new to 
concussion prevention and helmet research. There was no previous information on how well the 
bladders kept air. Now that the issue is addressed there is further testing that should be done. The 
air bladders use a nozzle similar to a basketball. It would be significant to test different types of 
nozzles and find one that is more durable and can withstand the impacts taken for a full game.  
 From the data analysis, the helmet pads have an ideal pressure that will protect the player 
to the helmet’s best ability and therefore the helmets need to be kept at that pressure throughout a 
game, practice, and season. Since the nozzles for the pads are not consistent and lose air so easily, 
it is important that a player adds pressure to their helmet on a daily basis. Before going into a 
game or practice a player needs to check their helmet’s pressure. Depending on their position on 
the field and the number of impacts they take in a game or practice, some players should add 
pressure at halftime or during a break in practice. This may seem like a burden to players and 
 34
coaches but the brain is a critical organ in the human body and if not protected, a player may 
experience the repercussions for the rest of their lives. 
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Appendix 
Gantt chart 
Task 1: Establish Project and Prepare for testing 
·      Meet with Professor Singh to discuss project idea. Completion 9/30/13 
o   Sullivan 
·      Familiarize with helmet tester and accelerometer. Completion 10/3/13 
o   Sullivan 
·      Create Gantt chart. Completion 10/5/13 
o   Sullivan 
·      Collect helmets for testing. Completion 10/7/13 
o   Sullivan 
·      Meet with Dr. Roy to discuss how to organize statistical data. Completion 10/8/13 
o   Sullivan 
·      Practice dropping helmets and working with accelerometer. Completion 10/10/13 
o   Sullivan 
·      Purchase ball pump and digital pressure gauge. Completion 10/13/13 
o   Sullivan 
·      Practice using pump, gauge, tester, and accelerometer. Completion 10/14/13 
o   Sullivan 
Task 2: Begin testing and collecting data 
·      Drop helmets on the Front. Completion 10/15/13 
o   Sullivan 
·      Drop helmets on Top (crown). Completion 10/17/13 
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o   Sullivan 
·      Drop helmet on Back. Completion 10/18/13 
o   Sullivan, Nicole 
·      Drop helmet on Right Boss. Completion 10/21/13 
o   Sullivan, Nicole 
·      Drop Helmet on Left Boss. Completion 10/22/13 
o   Sullivan 
·      Drop Helmet on Right Boss. Completion 10/23/13 
o   Sullivan 
·      Drop Helmet on Left Side. Completion 10/24/13 
o   Sullivan 
·      Drop Helmet on Right Side. Completion on-going 
o   Sullivan 
Task 3: Research for paper 
·      Collect research for literature review. Completion 10/30/13 
o   Sullivan 
·      Meet with writing lab for guidance. Completion 11/5/13 
o   Sullivan 
·      Finish writing literature review section. Completion 11/8/13 
o   Sullivan 
Task 4: Analyzing Data 
·      Meet with Dr. Roy to discuss finding. Completion 11/13/13 
o   Sullivan, Nicole 
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   ·      Meet with Dr. Singh to discuss findings. Completion 11/18/13 
o   Sullivan, Nicole 
Task 5: Write the introduction, statistical testing, and testing procedures. 
·      Completion 11/21/13 
o   Sullivan 
Task 6: Results and Conclusions 
·      Completion 11/25/13 
o   Sullivan, Nicole 
Task 7: Finishing Report 
·      Formatting and Editing. Completion 12/2/13 
o   Sullivan 
·      Title and Table of Content. Completion 12/2/13 
o   Sullivan 
·      Add graphs and photos. Completion 12/3/13 
o   Sullivan, Nicole 
·      Appendix. Completion 12/4/13 
o   Sullivan 
 Task 8: Turn finished report into Dr. Singh 
·      Completion. 12/6/13 
o   Sullivan 
 
 
 
 39
Statistical Analysis Used 
From the raw data collected, ample analysis of the numbers were attempted. 
Unfortunately, there was no clear correlation between the universal pad pressure and 
deceleration. The following operations and tests were conducted: 
● Taking the log of the pressure data and graphing against the raw shock values 
● Squaring the pressure data and graphing against the raw shock values 
● Looking at polynomial equations out to the fourth root 
● Finding general regression lines and R-values 
● Trying to determine a strong R-squared value 
● Graphing the raw pressure data against the raw shock values 
● Finding the standard deviation, average, probable maximum, and probable minimum of 
each set of data 
It is important to note that ultimately, descriptive analysis methods such as averages and standard 
deviations were used versus inferential analysis. This was thought to better suit the nature of this 
study. 
 
 
 
 
 
 
 
 
 
 Statistical Graphs 
Front Impact: 
Graph 8 
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Graph 9 
 
Graph 10 
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Additional Photos 
 
         Image 2            Image 3 
 
 
          Image 4                Image 5 
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          Image 6       Image 7 
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Raw Data 
Front Impact Data 
Pressu
re (PSI) 
Z 
directio
n (G's) 
Change 
in 
Pressur
e 
Run 
Order 
Ending 
Pressure 
Top Pad 
(PSI) 
Pressure 
squared g's 
log 
pressure g's 
sqrt 
pressure g's 
3.00 146.64 -0.20 1 2.80 9.00 
146.
64 
0.477121
255 
146.
64 
1.732050
808 
146.
64 
1.40 156.18 -0.05 2 1.35 1.96 
156.
18 
0.146128
036 
156.
18 
1.183215
957 
156.
18 
2.25 143.27 -0.10 3 2.15 5.06 
143.
27 
0.352182
518 
143.
27 1.5 
143.
27 
0.80 151.13 0.00 4 0.80 0.64 
151.
13 
-
0.096910
013 
151.
13 
0.894427
191 
151.
13 
2.60 144.87 -0.20 5 2.40 6.76 
144.
87 
0.414973
348 
144.
87 
1.612451
55 
144.
87 
1.60 155.94 0.00 6 1.60 2.56 
155.
94 
0.204119
983 
155.
94 
1.264911
064 
155.
94 
2.00 144.64 -0.60 7 1.40 4.00 
144.
64 
0.301029
996 
144.
64 
1.414213
562 
144.
64 
0.30 146.75 0.20 8 0.50 0.09 
146.
75 
-
0.522878
745 
146.
75 
0.547722
558 
146.
75 
1.00 152.10 0.00 9 1.00 1.00 
152.
10 0 
152.
10 1 
152.
10 
0.00 150.60 0.30 10 0.30 0.00 
150.
60 #NUM! 
150.
60 0 
150.
60 
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Top Impact 
 
Startin
g 
Pressu
re (PSI) 
Ru
n 
Or
der 
Z 
direc
tion 
(G's) 
Ending 
Pressu
re Top 
(PSI) 
Ending 
Pressure 
Back 
(PSI) 
Change 
in PSI 
Back 
Change 
in PSI 
Top 
Pres
sure 
squa
red 
Z 
direct
ion 
(G's) 
log 
press
ure 
Z 
directi
on 
(G's) 
3.00 1 
112.
68 2.65 0.85 -2.15 -0.35 9.00 
112.6
8 
0.477
121 
112.6
8 
1.40 2 
119.
21 1.25 1.35 -0.05 -0.15 1.96 
119.2
1 
0.146
128 
119.2
1 
2.25 3 
117.
53 0.80 0.65 -1.60 -1.45 5.06 
117.5
3 
0.352
182 
117.5
3 
0.80 4 
122.
78 0.90 0.70 -0.10 0.10 0.64 
122.7
8 
-
0.096
910 
122.7
8 
2.60 5 
121.
94 2.15 2.40 -0.20 -0.45 6.76 
121.9
4 
0.414
973 
121.9
4 
1.60 6 
121.
54 1.30 1.65 0.05 -0.30 2.56 
121.5
4 
0.204
119 
121.5
4 
2.00 7 
119.
40 1.70 1.95 -0.05 -0.30 4.00 
119.4
0 
0.301
029 
119.4
0 
0.30 8 
119.
00 0.45 0.45 0.15 0.15 0.09 
119.0
0 
-
0.522
878 
119.0
0 
1.00 9 
117.
65 1.00 0.95 -0.05 0.00 1.00 
117.6
5 0 
117.6
5 
0.00 10 
116.
00 0.30 0.30 0.30 0.30 0.00 
116.0
0 
#NU
M! 
116.0
0 
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Back Impact 
 
 
Pressur
e (PSI) 
Run 
Order 
Z 
direction 
(G's) 
Ending Pressure 
Top (PSI) 
Ending Pressure 
Back (PSI) 
Change in 
pressure Top 
Change in 
Pressure Back 
3.00 1 117.98 2.60 2.60 -0.40 -0.40 
1.40 2 111.77 1.00 1.50 -0.40 0.10 
2.25 3 111.19 1.50 2.30 -0.75 0.05 
0.80 4 115.22 0.25 0.95 -0.55 0.15 
2.60 5 108.99 2.30 2.35 -0.30 -0.25 
1.60 6 108.31 1.50 1.55 -0.10 -0.05 
2.00 7 106.27 1.65 2.05 -0.35 0.05 
0.30 8 103.02 0.65 0.45 0.35 0.15 
1.00 9 95.72 1.15 0.80 0.15 -0.20 
0.00 10 99.85 0.35 0.00 0.35 0.00 
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Left Boss Impact 
 
 
Pressu
re (PSI) 
Run 
Order 
Z 
direct
ion 
(G's) 
Ending 
Pressure 
Top (PSI) 
Ending 
Pressure 
Back (PSI) 
Ending 
Pressure Left 
Cheek (PSI) 
Change 
in 
Pressur
e Top 
Change 
in 
pressure 
Back 
Change in 
pressure 
left cheek 
3.00 1 
128.5
5 2.35 3.20 2.45 -0.6500 0.20 -0.55 
1.40 2 
131.1
7 1.25 1.70 1.45 -0.1500 0.30 0.05 
2.25 3 
139.5
3 2.30 2.30 2.25 0.0500 0.05 0.00 
0.80 4 
139.4
6 0.45 0.80 0.80 -0.3500 0.00 0.00 
2.60 5 
141.7
2 2.50 2.50 2.20 -0.1000 -0.10 -0.40 
1.60 6 
137.1
0 1.50 1.75 1.20 -0.1000 0.15 -0.40 
2.00 7 
145.5
1 1.90 2.05 2.00 -0.1000 0.05 0.00 
0.30 8 
137.4
3 0.30 0.45 0.50 0.0000 0.15 0.20 
1.00 9 
143.0
3 1.80 1.80 1.40 0.8000 0.80 0.40 
0.00 10 
137.7
7 0.55 0.25 0.20 0.5500 0.25 0.20 
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Right Boss Impact 
 
 
Pressu
re 
(PSI) 
Run 
Ord
er 
Z 
directi
on 
(G's) 
Ending 
Pressure 
Top (PSI) 
Ending 
Pressure 
Back (PSI) 
Ending 
Pressure 
Right Cheek 
(PSI) 
Change 
in 
Pressur
e Top 
Change 
in 
pressur
e Back 
Change in 
pressure 
right cheek 
3.00 1 136.58 2.80 2.80 3.55 -0.20 -0.20 0.55 
1.40 2 143.38 1.65 1.60 1.55 0.25 0.20 0.15 
2.25 3 154.93 1.90 2.30 1.90 -0.35 0.05 -0.35 
0.80 4 154.91 0.85 0.90 0.85 0.05 0.10 0.05 
2.60 5 157.80 1.50 2.70 2.60 -1.10 0.10 0.00 
1.60 6 152.83 0.60 1.75 1.60 -1.00 0.15 0.00 
2.00 7 155.94 1.65 2.30 2.00 -0.35 0.30 0.00 
0.30 8 160.46 0.25 0.50 0.50 -0.05 0.20 0.20 
1.00 9 161.15 0.90 1.80 1.80 -0.10 0.80 0.80 
0.00 10 140.06 0.20 0.20 0.60 0.20 0.20 0.60 
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Left Side Impact 
 
 
Pres
sure 
(PSI) 
Run 
Order 
Z 
direction 
(G's) 
Ending 
Pressure 
Top (PSI) 
Ending 
Pressure 
Back (PSI) 
Ending 
Pressure Left 
Cheek (PSI) 
Change 
in 
Pressure 
Top 
Change in 
pressure 
Back 
Change in 
pressure left 
cheek 
3.00 1 125.84 2.14 2.85 2.00 -0.86 -0.15 -1.00 
1.40 2 114.86 0.50 0.25 0.20 -0.90 -1.15 -1.20 
2.25 3 131.96 1.00 2.20 1.10 -1.25 -0.05 -1.15 
0.80 4 135.25 0.25 1.10 0.65 -0.55 0.30 -0.15 
2.60 5 116.02 2.00 2.65 2.20 -0.60 0.05 -0.40 
1.60 6 123.74 1.00 1.75 1.40 -0.60 0.15 -0.20 
2.00 7 123.82 1.95 2.05 1.50 -0.05 0.05 -0.50 
0.30 8 124.46 0.00 0.70 0.75 -0.30 0.40 0.45 
1.00 9 130.26 0.55 1.20 1.20 -0.45 0.20 0.20 
0.00 10 124.16 0.15 0.45 0.35 0.15 0.45 0.35 
 
 
Right Side Impact: coming soon 
         
         
         
         
         
         
         
         
         
         
         
 
